Background: Hepatotoxicity associated with isoniazid preventive therapy (IPT) and antiretroviral therapy (ART) has not been well studied in severely immunosuppressed people with HIV. Our objective was to determine risk factors for hepatotoxicity in severely immunosuppressed individuals taking IPT and ART.
INTRODUCTION
Tuberculosis (TB) is a leading cause of death and morbidity in people living with the human immunodeficiency virus (PLHIV). 1, 2 In 2015, TB accounted for 0.4 million of the 1.1 million deaths caused by HIV; most of these deaths occurred in resource-limited settings. 3 SubSaharan African and Southeast Asia are the epicenters of HIV-associated TB with 79% and 11% of the disease burden being in these regions. 2 The World Health Organization (WHO) recommends providing isoniazid preventive therapy (IPT) and antiretroviral therapy (ART) to prevent TB in PLHIV. 4, 5 When used concurrently, IPT and ART have greater efficacy at preventing TB than when either of them is used alone. 6, 7 In high-TB burden countries, PLHIV should receive IPT and ART regardless of their level of immunosuppression. 8, 9 Although ART has been widely adopted in national HIV programs, uptake of IPT has not been as successful. 8 The WHO is encouraging national HIV/TB programs to increase uptake of IPT to parallel the success of ART programs. 4, 5 Hepatotoxicity is a common life-threatening adverse event of both IPT and ART. 9, 10 When these 2 interventions are used concurrently, there are higher rates of hepatotoxicity because of hepatic drug interactions and overlapping toxicities between drugs. 11, 12 Although ART should be started as soon as possible, the best time of starting IPT relative to the ART is not clear. 8, 13, 14 The current WHO guidelines do not precisely define how the interventions can optimally be used together. In the guidelines, WHO recognizes that there is insufficient evidence on whether starting IPT at the same time as ART or delaying it is better in terms of efficacy, risk of toxicity, or development of immune reconstitution inflammatory syndrome. 8 People with advanced HIV disease have a high incidence and mortality of TB. 15, 16 However, clinicians are reluctant to start IPT in this group because it is difficult to reliably exclude active TB and because of concerns that IPT may inadvertently increase the rate of hepatotoxicity and other drug-related adverse events. 14 Previous IPT studies typically enrolled healthier people with higher CD4 cell counts or whose CD4 counts were not known. 17 As a result, we know little about safety of using IPT in PLHIV with very low CD4 counts.
We conducted a secondary data analysis of the REMEMBER trial to evaluate hepatotoxicity in participants who started IPT and ART at the same time. The REMEMBER trial compared mortality rates among people with advanced HIV disease living in high-burden settings who received either empiric TB treatment or IPT in addition to ART. The trial demonstrated similar mortality between the 2 arms and lower TB incidence in the IPT arm. 18 We restricted our analysis to the IPT arm because empirical TB treatment would not be recommended in practice based on the REMEMBER trial findings. For this analysis, our objective was to examine the baseline risk factors for hepatotoxicity during concurrent IPT and ART use in people with advanced HIV disease.
METHODS

Study Design and Participants
The REMEMBER trial was an open-label randomized clinical trial (the clinical trial registration number is NCT0138008) that enrolled HIV-positive antiretroviralnaive individuals from 18 outpatient research clinics in 10 countries (Malawi, South Africa, Haiti, Kenya, Zambia, India, Brazil, Zimbabwe, Peru, and Uganda) sponsored and funded by the US National Institutes of Health.
Eligible participants were aged 13 years or older with CD4 counts less than 50 cells/mL and did not have evidence of active TB. 18 Further inclusion criteria included having aspartate aminotransferase (AST), alanine aminotransferase (ALT) and total bilirubin less than 2.5 times the upper limit of normal (ULN), a creatinine clearance of at least 30 mL/min, and a Karnofsky score of at least 30. 18 All participating sites obtained ethical approval from local ethics committees. All participants provided written informed consent.
Study Procedures
The REMEMBER study procedures have been previously described. 18 Potential participants were referred from local ART clinics to study clinics. At the study clinics, the potential participants were screened for TB using a symptom screen. Any positive symptom screen required further workup per local standard of care. Individuals who were strongly suspected to have TB or for whom screening procedures identified confirmed or probable TB were excluded. Those with negative symptom screens or positive screens but no microbiological or presumptive diagnosis of TB were eligible for enrollment in the study.
All participants received efavirenz-containing ART with either study-provided tenofovir/emtricitabine (TDF/ FTC) (donated by Gilead) or locally available nucleoside reverse transcriptase inhibitors. Participants in the IPT arm received 300 mg of isoniazid daily for 24 weeks, beginning within 7 days of starting ART. All participants received pyridoxine.
Participants were followed up for 96 weeks. In this analysis, we report results up to 24 weeks, the period of combined IPT and ART. Participants had study visits at screening, enrollment, and weeks 1, 2, 4, 8, 12, 16, 20, and 24 . Clinical events, ART, and anti-TB drug modification were reported at each visit. Blood samples for CD4 cell count and HIV-1 RNA level were collected at study entry and at weeks 4 and 24. Blood samples for hematology, liver function, and renal function tests were collected at all visits except week 1. Participants who developed signs or symptoms of TB had investigations performed per locally available diagnostics. Those diagnosed with TB received weight-adjusted, fixed-dose combination rifampin/isoniazid/ethambutol/pyrazinamide for 8 weeks, followed by fixed-dose combination rifampin/isoniazid for 16 weeks. In the event of missed visits, participants were traced by telephone calls and home visits if they or their contacts could not be reached by telephone. Those who could not be contacted after this process were defined as lost to followup.
For AST or ALT .7.5 · ULN, laboratory results were confirmed and isoniazid and antiretrovirals were discontinued until levels fell to ,grade 2 at which time, the drugs could be introduced sequentially.
Variables
Outcome Variable
We defined hepatotoxicity as occurrence of grade 3 (5.1-10.0 · ULN) or grade 4 (.10.0 · ULN) AST or ALT per the Division of AIDS Toxicity Table 19 or symptomatic hepatitis after initiating IPT and ART.
Predictor Variables
The following pretreatment variables (baseline variables) were evaluated as possible risk factors for hepatotoxicity: age, sex, CD4 count, HIV-1 RNA, Karnofsky Performance Score, body mass index (BMI), hospitalization within 30 days before study entry, hepatitis B surface antigen (HBsAg) status, raised pretreatment level of AST/ALT, presence of anemia, and use of alcohol within 30 days to study entry.
Raised pretreatment AST/ALT was defined as AST and/or ALT elevations at $1.25 · ULN and ,2.5 · ULN at study entry.
The presence of fibrosis at baseline was assessed using the AST to platelet ratio index (APRI score) calculated using the AST and platelet parameters at baseline. We used an APRI score .1.5 to indicate the presence of significant fibrosis or cirrhosis.
Other Variables
Adherence to isoniazid was defined as the number of visits with 100% adherence divided by the number of visits with available adherence assessments over all visit weeks up to week 24.
Statistical Analysis
Univariate logistic regression was used to examine the pretreatment variables as possible risk factors for hepatotoxicity occurring within 24 weeks of entry into the study. All predictor variables listed above were considered for inclusion in a multivariate logistic regression, with variables selected using the stepwise method. P values for inclusion and removal of a variable were set at 0.05. The time from start of ART and IPT to occurrence of hepatotoxicity was estimated by the Kaplan-Meier method. All analyses were performed using SAS version 9.4.
RESULTS
A total of 426 participants were randomized to the IPT arm in the REMEMBER trial; 77% were from sub-Saharan Africa; most were black African or of black African origin ( Table 1) . Half of the participants were male (226/426); the median age of the participants was 35 years [interquartile range (IQR) 30-42 years]. The participants had advanced HIV disease with very low CD4 cell counts (median CD4 count 19 cells/mL; IQR 9-33 cells/mL). Among the study participants, 23% had raised pretreatment AST/ALT, 6% had HBsAg seropositivity (HIV/hepatitis B virus [HBV] coinfection), and 3% had an APRI score .1.5 indicating the presence of significant fibrosis or cirrhosis at baseline. Most of the study participants 413/426 (97%) were on TDF/FTC including all participants who had HBsAg seropositivity (data not shown in the table).
During 24 weeks of follow-up, 31 of 426 participants (7.3%) developed hepatotoxicity (Fig. 1) . 20/426 participants (4.7%) discontinued IPT after hepatotoxicity occurred; 4 subsequently restarted IPT after resolution of hepatotoxicity. At the site investigator's discretion, 11 participants did not discontinue IPT when hepatotoxicity occurred. In some of these cases, the hepatotoxicity had changed to ,grade 3 by the time liver function tests (LFTs) were repeated and IPT was continued. 10/426 participants (2.4%) temporarily discontinued ART after hepatotoxicity occurred. All later resumed ART2 3 had modifications of their ART regimens, whereas the rest resumed the same ART regimen they were on at the time of hepatotoxicity. Twenty-one participants did not have an interruption in their ART after hepatotoxicity occurred and they continued with the same regimen without modification. Three participants were hospitalized because of hepatotoxicity. Two participants who had hepatotoxicity died of TB, whereas 1 died of hairy cell leukemia. These deaths were attributed to the TB and hairy cell leukemia. During follow-up, 170/426 participants (39.9%) reported less than 100% adherence to IPT at their study visits. There was no difference in adherence to IPT between those who developed hepatotoxicity and those without hepatotoxicity (59.5% vs 67.7%; P value 0.37) (data not in tables).
In univariate logistic regression analysis, raised pretreatment AST/ALT (odds ratio [OR] 4.0, 95% confidence interval [CI]: 1.9 to 8.4) and HBsAg seropositivity at baseline (n = 410; OR 5.8, 95% CI: 2.2 to 15.2) were significantly associated with increased risk of hepatotoxicity (Table 2) .
Using multivariate logistic regression, raised pretreatment AST/ALT (OR 3.6, 95% CI: 1.7 to 7.7) and HBsAg seropositivity at baseline (OR 4.7, 95% CI: 1.7 to 12.9) remained as the statistically significant predictors for increased risk of hepatotoxicity (Table 3 ). The other baseline factors including the presence of significant fibrosis at baseline as indicated by the APRI scores at baseline were not associated with increased risk of hepatotoxicity. We further examined the interplay between raised pretreatment AST/ALT and HBsAg seropositivity at baseline by fitting a univariate model of a combined 3-level variable comprised these 2 variables. The categories within this variable were defined as: none (normal AST/ALT and HBsAg negative), raised AST/ALT or HBsAg positive, and both (raised AST/ ALT and HBsAg positive) ( Table 4 ). The incidence of hepatotoxicity was 5/11 (45%) in participants with both raised pretreatment AST/ALT and HBsAg seropositivity, whereas it was 12/299 (4%) in those with normal pretreatment AST/ALT and HBsAg negative at baseline.
Participants with both raised pretreatment AST/ALT and HBsAg seropositivity had the highest risk of developing hepatotoxicity against those who had none of these conditions (OR 19.9, 95% CI: 5.3 to 74.3). Those who had raised AST/ALT or HBsAg seropositivity also had a high risk of developing hepatotoxicity (OR 3.4, 95% CI: 1.5 to 7.3). There were differences in the time to occurrence of hepatotoxicity by the pretreatment AST/ALT and HBsAg status over 24 weeks of study follow-up ( Fig. 2A) .
The median time to hepatotoxicity in all those who had hepatotoxicity was 9.9 weeks (IQR 4-16 weeks). Earlier hepatotoxicity cases occurred among participants with raised pretreatment AST/ALT 6.4 weeks (IQR 3.8-12.3 weeks), whereas other cases were distributed more evenly over the 24 weeks. Five cases of hepatotoxicity in participants with HBsAg seropositivity occurred within 12 weeks (3 months) of starting IPT and ART. The other 2 cases occurred at 19 and 24 weeks of starting IPT and ART.
DISCUSSION
We report a high incidence of hepatotoxicity in a severely immunosuppressed cohort on IPT and ART. Hepatotoxicity resulted in an IPT interruption rate of 4.7% and ART interruption rate of 2.4%. Raised pretreatment AST/ ALT and HBsAg seropositivity at baseline were associated with developing hepatotoxicity.
The incidence of hepatotoxicity in this study was higher than that in other studies where IPT and ART were started at the same time. These other studies reported lower rates of hepatotoxicity, similar to rates in HIV-uninfected populations. 13, 20 In contrast with our study, these studies involved participants with higher CD4 cell counts. 12, 13 Thus, our finding suggests that there are higher rates of hepatotoxicity during highly advanced HIV than at higher CD4 cell counts which is consistent with previous studies. 14, 21 However, it is difficult to make direct comparisons of hepatotoxicity rates between studies because of differences in the definition of hepatotoxicity used. 22 The level of elevated LFTs used to define hepatotoxicity ranges from .2 to .10 · ULN in various studies. In this study, we used a high threshold of definition at .5 · ULN and we still found a high incidence of hepatotoxicity.
The high incidence of hepatotoxicity in this study is likely multifactorial. First, the population was severely immunosuppressed with a median CD4 cell count of 19 cells/mL. Advanced HIV disease is a risk factor for drug toxicities including hepatotoxicity. 14, 21 Opportunistic infections with hepatic involvement during advanced HIV disease such as Mycobacterium avium complex, invasive bacterial diseases, and fungal infections may cause increased susceptibility to hepatotoxicity. 23 Another explanation is that during advanced HIV, primary manifestation of HIV in the liver increases susceptibility to hepatotoxicity. 21, 24 People with advanced HIV are also likely to have other risk factors for hepatotoxicity, that is, malnutrition with low BMI and hypoalbuminemia. 10 In this study, low BMI was not associated with hepatotoxicity and we did not evaluate hypoalbuminemia as a risk factor for hepatotoxicity.
The WHO does not require laboratory monitoring for hepatotoxicity during IPT. 8 However, based on our findings, people with advanced HIV should have targeted monitoring with either laboratory or clinical monitoring for signs and symptoms of liver disease. Clinical monitoring is as effective as laboratory monitoring and can be useful in resource-limited settings without laboratory resources. 9, 12 Because combining IPT and ART is associated with more hepatotoxicity than when IPT or ART are used alone, some studies suggest that these 2 interventions should not be started at the same time. 11, 12, 17 In our study, IPT was initiated at the same time as ART. Because there was no placebo group, we cannot comment on the excess toxicity attributable to the IPT.
Our study included some participants who had modestly raised AST and ALT (#2.5 · ULN) and/or were HBsAg positive before starting IPT and ART. These are known risk factors for hepatotoxicity. 23, 25 Other studies exclude participants with raised LFTs and HBsAg seropositivity at baseline. 13 As expected, the incidence of hepatotoxicity in those with both raised pretreatment AST/ALT and HBsAg seropositivity was high at 46%. In comparison, we observed a lower rate of hepatotoxicity (4%) in the participants who had normal AST/ALT and who were HBsAg negative. This lower rate is still higher than the other similar studies where participants taking IPT and ART had higher CD4 cell counts. 13 People with severe immunosuppression should be considered for baseline evaluation for liver function and HBsAg status and have targeted monitoring to monitor for hepatotoxicity. Most health care providers in resource-limited settings are not able to test for liver function and HBsAg routinely. However, when such routine testing is available, it should be conducted. In our study participants, HIV/HBV coinfection was at 6% which is within expected rates of HIV/HBV coinfection that are reported globally at 5%-20%. 26 HIV infection modifies the course of HBV infection by decreasing HBV clearance and increasing the risk of chronic HBV. In turn, chronic HBV complicates treatment of HIV by increasing the risk of ART-related hepatotoxicity and by causing HBV immune reconstitution syndrome (HBV-IRIS). 27, 28 Death and other liver morbidities including fibrosis, cirrhosis, and hepatocellular carcinoma are increased in coinfected individuals. 29 All 26 HIV/HBV coinfected participants in our study were on TDF/FTC, which has dual anti-HIV and anti-HBV activity and is the preferred regiment for treating HIV/HBV coinfection. 30, 31 Among study participants who had HIV/HBV coinfection, 7/26 (27%) developed hepatotoxicity. An important cause of increased LFTs in these participants is HBV-IRIS: an early complication of ART in individuals with HIV/HBV coinfection. During HBV-IRIS, there is a significant rise in serum transaminases (a hepatitis flare) characteristic of acute hepatitis even while using an ART regimen with anti-HBV activity such as TDF/FTC as was the case in our study. 28, 32 HBV-IRIS is observed in 20%-25% of patients with HBV/HIV coinfection and typically occurs within 3 months of starting ART, although atypical cases have been reported at more than 3 months after starting ART. 33, 34 The timing of hepatotoxicity in 5/7 of HIV/HBV coinfected participants in our study is consistent with the timing expected for HBV-IRIS. The other 2 cases of hepatotoxicity occurred at 19 and 24 weeks which could still be an atypical presentation of HBV-IRIS. 33 Other than the timing of hepatotoxicity, there was no other way of differentiating IRIS from hepatotoxicity caused by isoniazid or ART. Similar to our study findings, Avihingsanon et al 33 reported an incidence of HBV-IRIS of 22% in participants who had HIV/HBV coinfection, who were severely immunosuppressed, and who started ART but not IPT.
Before initiating treatment in participants with HBV infection, baseline tests should be conducted to stage HBV disease (ie, HBeAg, Anti-HBe, and HBV DNA) and to assess pre-existing liver disease and fibrosis (ie, liver transaminases, bilirubin, APRI, fibrosis index based on 4 factors (FIB-4), ultrasound elastography, and liver biopsy). 35 Liver biopsy is the gold standard for diagnosing and staging fibrosis. However, it is too invasive. 36 Instead, noninvasive tests such as elastography and serum markers (APRI and FIB-4) are validated to assess liver fibrosis in HIV-infected and HIV/ HBV coinfected individuals. These tests can be used where liver biopsy is unavailable or not necessary. 31, 36 APRI and FIB-4 tests have lower costs, do not require particular expertise to interpret, and can be used in an outpatient setting. APRI is the preferred test in resource-limited settings. 31 Despite that fibrosis at baseline was not predictive of hepatotoxicity in our study, the recommendation is that liver fibrosis should be monitored at least annually in individuals during treatment of HBV because it is an important risk factor for hepatotoxicity. 31 Treating HIV/HBV coinfected individuals requires special considerations of the risk hepatotoxicity in this group. After assessment of HBV disease and liver fibrosis, HBV carriers (those who are HBsAg positive, HBeAg negative, and have low HBV DNA levels and normal ALT) are not at higher risk of developing hepatotoxicity. 35 These individuals could start ART and IPT with monitoring of hepatotoxicity. 31 As extra precaution, ART can be started weeks earlier to suppress the HBV DNA levels before introducing IPT after checking for serum transaminases. However, those individuals with active HBV and advance liver fibrosis would probably not tolerate ART and IPT and should be excluded from taking IPT. ART should still be started, regardless of advanced liver disease. 31 Hepatotoxicity causes treatment interruption. With a high incidence of hepatotoxicity in this study, the rates of IPT and ART interruption due to hepatotoxicity were expectedly high. IPT was interrupted in 4.7% of the participants and ART in 2.8% because of hepatotoxicity. The rate for IPT interruption is higher than expected compared with other studies where IPT and ART were used concurrently. For example, Rangaka et al 20 reported a rate of 2.2% with concurrent IPT and ART use. Treatment interruption can lead to suboptimal treatment options for both IPT and ART by compromising the effectiveness at preventing TB and treating HIV. 22 Other TB prophylactic therapy regimens with different toxicity profiles are available. Compared with the 6-month isoniazid regimen used in this study, regimens using longer durations of isoniazid are associated with more drug toxicities. 11, 37, 38 Therefore, these regimens might be unsuited for use during advanced HIV. Intermittent use of isoniazid plus rifapentine over 12 weeks is as effective as isoniazid alone at preventing TB and also has less hepatotoxicity and higher treatment-completion rates in PLHIV. 8, 37, 39 With its lower toxicity profile, this regimen is an ideal alternative for use in people with advanced HIV. However, the WHO also cautions on use of this regimen with ART because of concerns of potential drug-to-drug interactions. 40 Our analysis had the following limitations. First, people with advanced HIV are usually taking other concomitant drugs including cotrimoxazole and fluconazole for opportunistic conditions and traditional medication. We could not analyze concomitant drugs taken at the time of hepatotoxicity, although these are risk factors for hepatotoxicity. 25, 41 Second, it is difficult to attribute the cause of hepatotoxicity to a particular drug. However, because our interest was to find the overall incidence of hepatotoxicity and its risk factors, our approach was pragmatic considering the variety of concomitant drugs that would have been used by study participants. Finally, although this was a large cohort, only 5 of the 11 participants that had both raised AST and ALT and HBsAg positivity at baseline developed hepatotoxicity. Although this is a significant result, there is limited precision in that measurement.
In conclusion, we report a high incidence of hepatotoxicity in people with advanced HIV taking IPT and ART. Those with raised AST/ALT or with HBsAg seropositivity at baseline need closer monitoring for hepatotoxicity. There is need for further research on alternative TB preventive regimens that are less hepatotoxic in people with advanced HIV.
